Abstract. Both parasite and host immune factors may contribute to the development and progression of chronic chagasic cardiomyopathy during Trypanosoma cruzi infections. The present study targeted infected children (5-14 years of age) from an endemic area of Paraguay in an analysis of T. cruzi-specific cytokine profiles. This age group is characteristically the most affected by the early phases of infection. Trypanosoma cruzi-induced cytokine gene expression (interleukin-2 [IL-2], and interferon-␥ [IFN-␥], IL-4, and IL-10) was studied in 25 seropositive children categorized as being either acute, symptomatic, with Romana's sign (n ϭ 2), or early, indeterminate (postacute, n ϭ 23). Acutely infected children showed a distinct T helper cell-1 (Th1)-type (IFN-␥) cytokine response to infection. The cytokine pattern that was observed in the seropositive, asymptomatic (early, indeterminate) group was of the Th0 type (expression of both IFN-␥ and IL-4). We hypothesize that selective induction of a Th0-type cytokine pattern is important for development of cell-mediated and humoral immune responses that suppress parasite burden, thereby prolonging the onset or limiting the severity of chronic Chagas' disease later in life.
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Trypanosoma cruzi, the causative agent of Chagas' disease, is an important cause of heart disease in Latin America. Approximately 10-20 million people are infected with this parasitic protozoan, and 50,000 deaths annually are associated with the infection. 1 The clinical course of the disease includes an acute and chronic phase, separated by an indeterminate period. The indeterminate stage is characterized by seropositivity in the absence of patent parasitemia and clinical symptomatology. About 10-30% of infected people will then develop symptoms of chronic disease after 10-30 years of infection.
The mechanisms responsible for the development of pathology in Chagas' disease are not yet fully understood. There is now considerable evidence for the role of cytokines and related inflammatory molecules in the development of chronic chagasic cardiomyopathy in the murine model system. 2 The significance of these findings in human infections is not clear, since the pattern of cytokines produced in the different stages of infection has not been determined. The present study is one in a series carried out in endemic regions of Paraguay designed to analyze the cytokine patterns that are expressed at various stages of the disease. This report describes the T. cruzi-induced cytokine profile observed in children, the group most likely to be affected by the initial stages of infection.
CASES, MATERIALS, AND METHODS
A cross-sectional study was carried out in two elementary schools in Potrero and Calle-Poi, communities located 50 km from Asuncion, to identify individuals in the early stages of infection (acute and early indeterminate). Informed consent was obtained from parents/guardians of all children. Study protocols were explained in detail, and were reviewed and approved by the institutional review boards of Tulane University Medical Center and the Instituto Investigaciones en Ciencias de la Salud (Paraguay). An acute case was defined as a person with parasitemia detectable by microscopy (microhematocrit method) and/or an anti-T. cruzi IgM titer (indirect fluorescent antibody titer Ͼ 1:20). An indeterminate case was a person who tested positive for IgG to T. cruzi (negative for IgM), without patent parasitemia, and free of overt signs or symptoms of cardiac disease. Serology for anti-T. cruzi antibodies was carried out on blood samples collected from 150 schoolchildren (age range ϭ 5-14 years of age), resulting in a mean seroprevalence of 5.3%. Twentyfive seropositive children and three seronegative ones agreed to participate in the follow-up cytokine study. These individuals were given electrocardiographic examinations and blood samples were collected for parasite detection (microhematocrit/microscopy, xenodiagnosis, hemoculture) and isolation of peripheral blood mononuclear cells (PBMCs). All children presented with normal electrocardiograms. Two of the seropositive children (11 and 13 years of age, respectively) had Romana's sign, which is characteristic of acute T. cruzi infection. Both had parasitemias detectable by all parasitologic methods and showed high levels of specific IgM. The remaining 23 children had no symptoms, high IgG titers (average ϭ 1:320), and were negative for IgM. Fifteen children (mean age ϭ 10 years) had parasitemias that were detected by at least one of the three detection methods. The other eight subjects (mean age ϭ nine years) were considered nonparasitemic.
An analysis of cytokine transcripts using a reverse transcriptase-polymerase chain reaction (RT-PCR) was carried out on the 28 schoolchildren. The PBMCs were isolated and cultivated for 48 hr at 37ЊC in an atmosphere of 5% CO 2 in humidified air in the presence of T. cruzi epimastigote lysate antigen (20 g/ml) prepared from sonicated parasites. Total RNA was extracted from PBMC cultures using RNA STAT-60 reagent (Tel-Test, Inc., Friendswood, TX). First-strand cDNA synthesis was primed with random hexamers and murine leukemia virus reverse transcriptase. The RT template was then PCR amplified using the following primers and probes: ␤-actin internal control; interleukin-2 (IL-2) and interferon-␥ (IFN-␥) (T helper cell-1 [Th1-type] cytokines), IL-4 and IL-10 (Th2-type cytokines). Most of these primers and probes were designed by Villinger and others, 3 except for the IFN-␥ sequences, which were as reported by Yamamura and others. 4 The PCR was performed under the follow- ing conditions: denaturation at 94ЊC for 1 min, followed by 30-35 cycles at 94ЊC for 30 sec, annealing at 55-60ЊC for 1 min, and extension at 72ЊC for 1.5 min. The PCR products were validated using dot-blot hybridization. The cytokine internal oligonucleotide probes were labeled with digoxigenin; the hybridized probes were immunodetected with an alkaline phosphatase-conjugated anti-digoxigenin antibody and then visualized with Lumiphos (Boehringer Mannheim, Indianapolis, IN), a chemiluminescent substrate.
The analysis of specific mRNA for cytokine expression by semiquantitative RT-PCR involved the comparison of signals for each cytokine under study with respect to ␤-actin (housekeeping gene). Equal amounts of cDNA obtained following reverse transcription of cellular RNA were normalized to the amount of ␤-actin and amplified. Following hybridization, dot-blot films were scanned by densitometry. Density values for cytokines were provided as a ratio of each cytokine to the ␤-actin signal (expressed as arbitrary densitometric unit estimates of 1.0, 0.8, 0.6, 0.4, 0.2, and 0). 5 The relative expression of cytokines was thus analyzed by comparing the respective cytokine:␤-actin ratios.
RESULTS
The pattern of cytokine mRNA expression in PBMCs from the acute, symptomatic children is depicted in Figure  1 . These children showed a distinct Th1-type (IFN-␥) cytokine response to infection with minimal IL-4 production. The remaining 23 asymptomatic subjects showed a cytokine pattern of the Th0 type (expression of both IFN-␥ and IL-4), regardless of their parasitemic status (Figure 2 ). In contrast with what is seen in adult chronic chagasic patients (Samudio M and others, unpublished data), IL-2 expression was not suppressed. In addition, the level of IL-10 transcripts was consistently elevated. Similarly, Dutra and others 6 recently showed that mRNA specific for IL-10 was significantly increased in PBMCs of chagasic patients as compared with noninfected individuals. High expression of IL-10 may contribute to the persistence of T. cruzi parasites, since the capacity to inhibit protective immune responses is well documented. [7] [8] [9] Early endogenous IL-10 synthesis may play an important role in down-regulating monokine and IFN-␥ responses during acute infection, thereby preventing host immunopathology caused by the detrimental effects of excessive cell-mediated immune responses. 10, 11 In the present study, no detectable T. cruzi-induced expression of Th1 and Th2 cytokines was seen in the noninfected, seronegative control group (n ϭ 3).
DISCUSSION
In the limited number of symptomatic children studied, a type 1 cytokine response was dominant. This type of cytokine response, in particular that involving IFN-␥, may be a determinant in controlling parasitemia in the acute phase of infection. Various investigators have shown that resistance to acute T. cruzi infections in the murine model is dependent on type 1 mechanisms that result in the production of IL-12, IFN-␥, tumor necrosis factor-␣, and nitric oxide. [12] [13] [14] As the infections progressed to the indeterminate stage, an overlapping of the Th1/Th2-type cytokine pattern was observed. Expression of both IFN-␥ and IL-4 mRNA transcripts was seen in the 23 asymptomatic children. No discernible differences in the systemic PBMC cytokine profiles were observed in these children. Thus, selective induction of a Th0-type pattern (cell-mediated and humoral immunity) may be important for the development of effective immune responses. Zhang and Tarleton 15 reported that susceptibility or resistance to murine T. cruzi infections is not associated with a defined type of cytokine response. These investigators postulated that the overlapping pattern of type 1 and type 2 cytokine production in the acute and chronic stages of T. cruzi infections does not necessarily lead to a dominance of either type of response in long-term infections in the murine model. Taken together, one can propose that once acute, symptomatic infections with patent parasitemias are cleared by type 1 immune mechanisms, multiple Th0 responses suppress parasite burdens to subpatent levels (not universally detected by microscopy) as parasites sequester in target organs. Infected persons would then remain asymptomatic un-til the cumulative immunopathogenic effects of persistent, localized inflammatory responses result in chronic disease.
The present study is significant in that it is the first to report on cytokine expression in young chagasic patients during the acute and indeterminate stages of infection. Although the murine model is suitable for analysis of acute Chagas' disease, additional human studies or research with a more appropriate model, e.g., the Cebus apella monkey, are warranted in attempting to relate chronic infection with clinical outcome.
